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Knowledge of the specificity of dehydrogenasas.

by T. Thunberg.

Translated from Biochemieche Zeitschrift 258: 48-64 (1933) by the
Technical Library Branch, Technical Information Division.

I. The gpecificity of succinic dehydrogenase activation.

I first raised the queetion of specifioity in reporta on 2 group
of snzymes discovered by Wieland which I published in 1916, 1917 and 1920
(1, 2, 3) under the newly introduced namae of dehydrogenaseu. In the
geconid paper I stated that an enzyme present in the snima]l organism,
succinic dehydrogenase, which activates the hydrogen of succinic acid,
shows no hydrogen-acuvivating powers in connection with abeut 50 organic
aclds and other organic substances listed in my article. Sucelnic
dehydrogenase had a certain hydrooen—actlvatnng effect only on methyl-
succinic acid (pyrotartaric acid)., In the third paper I returned to the
question of the specificity of dehydrogenases. Based on expsriments
discugsed therein, I expressed the opinion that dechydrogenases ars
"enzymes of rather distinct specificity." I claborated this concepu
further in these words: "This does not mean, of course, that sgpecificity
18 apsolute." I-therefore disassociated myself expressly from the concept
occasionally ascribed to me in the pertinent literatura, that an unecon-
ditional specificity i3 characteristic of dehydrogenases. Nor do other
parts of my writings coentain expressions in this spircit., Naturally I &id
not intend to ﬂohy the pessibility that fubure studies may uncover an
enzymatic specimen of this type which possesses such specificity. At any
rate, it ought to be easier to furnish disproof of the absolute speci-
ficity of an enzyme thsn it would be t¢ offer proof thersof. Even though
a large number of tested substances had proved inaccessible to the
hydrogsn-activating effect of a certain enzyme, there is & poseibility
that such an influence exists in connection with an as yet untested
substance,

The observation that succinic dehydrogenase, in spite of its high
specificity, not only affects succinic acid, but also methyl-succinic
acid, prompted me to examine other alkxylated succinic acids in this
respect. Since such materials werse not available commercizlly, I agked
Dr. Erik Larsscn to prepare the following: dimethyl-succinic acid in
the fumorcld form with a high melting point; methylethyl-succinic acid
in its fumaroid form with high m.p. as well as in its maleinsid form;




diethyl-succinic acid, which was obtained not in its hcmogeneous form,
but as a mixture of the racemic and meso forms. These substances must
not be considered completely pure, since their melting points do not
aquite coincide with those given in the literature for pure substances.
The significance of this circumstance wiil be diacussed after the des--
eription of results of attempts to ewploy thess mateiials as donatcrs
in the presence of succinic dehydrogenase.

The solution of succinie dehydrogenase used in our tests was pre-~
nared as follows:

100 g of commerci: , well-ground horse meat were repeatedly washed
with small amounts of a boric acid ~ sodium chloride solution (1% boric
acid, 0.25% Nall). Washing was repeated until the meat had turnad white,
‘Ihe meat, freeu of ths wash fluid by pressure, was then ground in the
mortar together with 150 cc of a solution of sodium phosphate - boric acid
(1.2% Sorensen’s sodium phosphats, NaphPOL # 2 H20, 1% boric acid). After
the meat had rested for 30 minutes, it was vigorously centrifuged for 20
minutes. The opalescent upper laysr of separated fluid represents the
succinic dehydrogenase sclution used in our tests,

Washing and extractlon of the muscular mass with solutions containing
boric acld were motivated by the desire tc eliminste the effect of bacteria
ag much as possible. The technigue is the result of experience gained
with succlnic dehydrogenase solutions, some of which were prepared without
addition of bkoric acid to the wash fluid or the extraction fluid, some
with such an additive. The variable results obtained with dehydrogenase
sclutions without addition of anti«cpilics were replaced by constant results
after the introduction of boric acid.

Major tests were always accompanied by simultaneous controls.

In the examination of a possible hydrogen-activating effect of
suceinic dehydrogenase solution on alkylated succinic acias, I utilized
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wethylsns blus msvhod (cf., for example; its preparation in Oppenheinmer,

The Ferments and their Effscts, 5th ed., Vol. 3, Leipzig 1929, p. 1118).
Tests were initiated wi.th cne repetition wnder condiiions of optimal
control, aimed at the demonstration of hydrcgen-activating action by
suceinic dehydrogenuse on methyl-succinic acid (pyrotarteric acid).
The followling record will illuminate the experimznts.
Test 1. 19 Qctuber 1931,
Methylenz blue solution (methylcns blue msdical "Merck') 1:30000.

Succinic acid, 118 mg were neutralized with n/2 KOH, after which the
solution was diluted tw 10 cc, (Sucecinic acid and all other acids used




in thess tests were neutrallized without indicators, since indicator
solutions occasionally act deleteriously on the decoloration process.)

Pyrotartaric acid, 132 mg were neutralized with n/2 XOH and diluted
to 10 cc.

Sucecinic dehydrogenase solution, prepared according to the description
given above.

Distilled water.

Now seven tubes are charged according to Table 1, evacuated and
placed in 3 water bath of 359C., Succinic dehydregenase was added to each
tube just before ev.cuation. Substances to be tested for possible
donator action {succinic acid and pyrotactaric acid) were used as m/10
solutions.

Table 1 (19 October 1931)

Tube # 1 2 3 % 5 ) 7
Meth. blue 1:3C000, cc _ 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Pyrotartaric acid, cc 0.1 0.2
Succinic acid, cc 0.1 0.2
Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc O.4 0.3 0.2 0.4 0.3 0.2 0.4
Decoloration time, minutes >60 15 16 >60 3 3 >40

As evident from Table 1, addition cf succinic acid in said gquantities
reduces decoloration time in the system to 3 minutes. Admixture of
correspouding amounts of pyrotartaric acid, while reducing decoloration
time distinctly, does not accelerate beyond 15 minutes.

The ability of pyrotartaric acid Lo act as nydrogen donater in ths
presence of succinlc dehydrogenass is shown 8ls0c in the next test, in
which the amount of pyrotartaric acid was varied within much wider limits
than in the previous experiment. Variations were achieved by preperation
of pyrotartaric solutions at concentrations m/10, m/50 and m/250. These
solutions were added to various tubes in amounts ranging from 0.1 to
0.4 cc.

Test 2. (6 April 1932)
Methylene blue solution 1:50000.

Pyrotartaric acid, 26.4 mg neutralized with n/2 KOH, diluted to
2 cc = Br = n/10.
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1 cc Br # 4 cc distilled water = Br/5 (= m/50),
1 ce Br/5 £ 4 cc distilled water = Br/25 (= m/250).

Succinic dehydrogenase; prepared on the preceding day according to
instructions.

Table 2 (6 April 1932)

e # 1 2 3 4 5 6 7

Msth. blue 1:50000, cc
Pyrotartaric acid Br, cc

0.5 0.5 0.5. 0.5 0.5 0.5 0.5

n Br/5, cc 0.1 0.2

" Br/25, cc 0.1 0.2 0.4
Succinic dehydrogesnase, cc 0.5 0.5 0.5 0,5 0.5 0.5 0.5
Distilled water, co 0.4, 0.3 0.2 O.L, 0.3 0.2
Decoloration time, minutes >180 133 90 81 > 180 73 62

Tube # 8 9 10 11 12 13

Meth. blue 1:50000, c¢c 0.5 0. c.5 0.5 0.5 0.5
Pyrotartaric acid Br, c¢c 0.1 0.2 0.4

n Br/5, oc 0.k

" Br/25, «c
Suceinic dehydrogenase, ce 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc 0.4 0.3 0.2 0.4
Decoloration time, minutes L6 > 180 L9 L9 L9 > 180

The shortest decoloratior. time achleved by addition of pyrotartaric
acid to the enzyme system represents a considerably longer period than
that listed in test 1, possibly because the succinic dehydrogenase solution
used in test 2 was oldesr. At any rate, this test also confims the
capability of pyrotartaric acid to act as donator substance. The curve
of decoloration times plotted against the quuntity of added donatcr sub-
stance is of the same type as that of the majority of donators studied to
dabe. Initially the time sbows a rapid drop ‘n ihe presence of increased
donator substance, after which it approaches & minimal value at a slower
rate,

Thus the ability of pyrotartaric acid to occur as hydrogen donator
under the influvence of a succinic dehydrogenass soclution has been con-
firmed. It is quite impoasible that a specific pyrotartaric acid
dehydrogenase is involved, different from succinic dehydrogenase, at least
as long as the occurrence of pyrocartaric acid ic not demonstrable in the
animal organism,

The reaction product resulting from pyrotartaric acid upon de-
hydrogenation has not been isolated. In all probability it is methyl-
fumaric acid (mesaconic acid),
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Since every dehydrogenase not only activates hydrogen in the
substratc's molescule to which it ie adjuated, but alsc the melecule
remaining after donation of activated hydrogen (the residual molecule),
succinic dehydrogenase should also activate mesaconlc acid and, in the
presence of aclivated hydrogen in the anl1viinp, ghould effaect a reuduction
of mesaconic acid to pwrrtartaric acid, analogous tc the influence of
suceiri~ dehyarogenase on fumariec acid. The extent to which dehydrogena-
tion of methyl-succinie acid assert themselves in a specific case ought
to depend on the solution's redox potential.

It rould be interesting to kiow whether methyl~fumaric acdd ..
influenced by aspartase or fumarase in a adnner analogous to tho inter-
actiun between fumaric acid and the corresponding enzyme.

While it was shown that pyrotartaric acid may enter the system
mathylene blue - succinic dehydwgenasc as donator, a clear donator effect
could not be demonstrated for the remaining alkyl derivatives of succinic
acid mentioned in the introduction, Neither fumarold dimethyl-siceinic
acid nor the low or high~fusing form of methylethyl-succinic acid, or
disthyl-succinic acid as a mixture of the racemic and meso forms (in which
form it was obtsined) aifected mothylenc blue decoloration in the sysiem
succinic dshydrogenase - methylonse klue, at lcast not in a distinct manner.
This circumstance shall be illustrated by data of two testa.

In the tests recorded below, the alkyl derivatives ol succinic acid,
which were to be examined for their possible donator ection, wers used in
m/10 solutions. Fach substance was employed in quantities of 0.1, 0.2
and 0.4 ce. Abtbreviations given in the tables are readily interpreted.
The tests inciude determination of decoloration rates of tha system upon
addition of variable amounts of a weak succinate solution. Results showed

strong sctivating powers of succinic dehydrogenase soluiion with respect
to succinic acid,

Table 3 (1 April 1932)

Tubs # I 2 3 b _ .5 6

Math, blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5
m/10 high m.p. dimethyl-

succinic acid, cc 0.1 0.2 Q.4
m/10 low m.,p. methylethyl-

succinic acld, cc 0.1
n/250 succinic acid, cc
Suceinic dehydrogenase, oc 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc 0.4 0.3 0.2 c., 0.3
Decoleration time, minutes > 180 >180 >180 >180 >180 >180
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Tubo # 7 8 9 10 11 12 13

Meth. blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5 05
m/10 high m.p. dimethyl-

succinle acld, cc
m/10 low m.p. methylethyl--

succinic acid, cc 0.2 0.4

T S RSO AT MR TN 5 )

= m/250 succinic acid, cc 0.1 0.2 0.4
Succinie dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Diatilled water, cc 0.2 0.4 0.3 0.2 0.4
Decoloraticn time, minutes 2180 175 >180 8 8 7 >180

Table 4 (1 aprll 1932)
Tube # 1 2 3 4 5 6 |
Meth. blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5
m/10 high m.p. methylethy.i-
succinic acid, cc 0.1 0.2 0.4
m/10 diethyl-succinic acid, cc 0.1
m/250 succinic acid, cc
Succinic dehydrogenasc, cc 0.5 0.5 0.5 0.5 0.5 0.5
Distilled wzver, cc 0.4 0.3 0.2 0.4 0.3
Decoloration time, minutes >120 >120 >120 100 >120 >120
Tube # 7 8 9 10 11 12 13

Meth. blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
m/10 high m.p. methylethyl-
succinic acid, ce

m/10 diethyl-succinic acid, cc 0.2 0.4

m/250 succinic acid, ce 0.1 0.2 0.4

Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Distilled water, cec 0.2 0.4 0.3 0.2 0.4 .
Dseculoration time, minites > 120 >120 >120 8 8 7 >120

- Ths iislsd decolcration times do not exclude the possibility cf &
weak donator effect of the alkyl derivativcs of suceindc acld under
discussion, It may be maintained, hewsver, that the donator action of
these derivatives, if it exists, is extremely weak and has not been
demonstrated to date despite the great sensitivity of our method.

We mentioned earlier that the alkyl derivatives used terminally may
have contained impurities. This circumstance could affect test results
if the added suhstances are capable of accelerating decoloration of the
mothylene blue - dehydrogenase system. In that case such a positive
effect could be ascribed to impurities. The absonce of such a. effect
indicates that the tested preparations are unable to func';.n as donators.




II. The spocificity of succinle debydrogenase fixalion.

As koown from earlior atudies, the specificity of dehydrojonases
is expressed partly in the ability to fix certain substances, pavtly in
the hydrogen activation of the substances. Fixntion of the substrate
of the appropriate enzyme group to the enzyme ougit to be a necessary
prerequisite for hydrogen activation. On the other hand, substrate fixa-
tion apparently ia pessible without subsequent hydrogen activation. The
enzyme therafore shows greater aspecificity in its bhydrogen activation
than in its fixing power, Such substances, which are fixed to the enzyme
without being activated by it, have an inhibiting effect on the ability of
dehydrogueneses to activate true nydrogen donators, a circumstance which
permitted the discovery of fixatlion without activation.

Frequenti, vie vuwuBLduiul wiiivii wiv Lixed Lo Lie dehydrogenase
mclecule without belng activated are closely related chemjcally to the
truc donators. This is clearly indicated by experlence gained with
succinic dehydrogenase, Thus the inhibiting effzct oxerted on the acti-
vating power of succinic dehydregenase via-a-vig succinic acld by malonic
acid and oxalic acid (ef. Quastel and Whotham 4, Quastel and Woocldridge 5)
is begt explainad with reference to tho positicn of malonic acid and
oxalic acid oppouite succinic ccld in the chemlcal system, Therae is
competition for the dehydrogenase mol~~ule between succinic acid and
malonic acid, if both substances are present in a sclution of succinic
dehydrogenase,

I was tempted to expand these studies to other dicarbonic acids,
Tests with malonic acid and oxalic ucid were first repeated.

The following test shows how decoloration of methylene blue in the
system methylene blue ~ succinic dehydrogenase - suceinic acid proceeds
in the absence and pressnce of oxalate.

Test 3 (9 April 1932)

Methylene blue 1:50000 (= Mb)

‘otassium succinate, 39 mg dissolved in 2 cc water (= B)
1 cc B £ 24 cc water = B/25

Potassium oxalate, 66 mg dissolved in 4 e water (= Ox).
Succlinic dehydrogenase

Temperature in the water bath 35°C.

Each tube was charged with 0.5 cc Mb, 0.5 cc dehydrogenase and
enough water to raise the total volume to 1.8 cc. Table 5 roflects
only the amounts of succinate and oxalate solutions (in c¢) added to
the tubes, and the resultant decoloration times,




Table 5 (9 april 1932)

Tubu  DB/25 Uxalato  Docoloration Tubo B/25 Oxalato Decoloralion

time in min. # timo in min.

1 - . > 120 10 0.1 0. 13
2 0.l - 9 11 0.4 0.2 16
3 0.2 - Y 12 0.2 0.2 14
I Q.4 - 8 13 0.) 0.2 22
5 - 0.1 > 1 1h NN 0.4 2
6 - 0.2 > 120 15 0.2 0.4 25
7 - 0.4 > 120 16 0.1 0.k 31
8 0.4 0.1 9 17 - - 2120
Y 0.2 N1 11

The test shows initially thai ducoloration time i3 rapid in a solution
containing succinic dehydrogenase and methylene hlue, when only succinate
i5 added. In the cagse wmuder discusslon the docoloratlon time was lusg than
10 mlnvtea. No decoloration is obtained il oxalale alono is added. The
tube serios 8 through L6 iludicates that inhibition rosults when tho system
Mb - guccinic dehydrogenasse is charged siuultaneously with succinate and
oxalate. Inphibition is barely apparent iIn tube 8, wherec the ratio between
oxalate and suceinate favors the laitter, and most evident in tube 16,
wiinre Lhe ratio favers oxalate. Nole, however, that oxalate solution was
used in & potency of m/10, while succinate wag concentrated only m/250.

The true molar relation between succinate and oxalate therefore haa
flucituated betwson 1:6.25 and 1:100,.

Inhibition of Mb decoloratlon is even more distinct in a succindce -
succinic dehydrogenase solution, if malonate is added {cf. Tablo 6).
Malonate solution was concentrated at m/10 (72 my: potassium malonate
dissolved in 4 cc water). The remaining factors of this test were
identical with the oxperiment using oxalate.

Table 6 (11 April 1932)

Tube B/25 Malonato Decoloration Tube B/25 Malonate Decoloration

¥ tims in win.. # : time in min.
1l - - > 420 10 0.1 0.1 160

2 0.1 - 11 11 0.4 0.2 140

3 0.2 - 10 12 0.2 0.2 160

L 0.4 - 9 13 0.1 0.2 240

5 - c.1 > 420 14 0.4 0.4 160

6 - 0.2 > 420 15 0.2 0.4 240

7 - 0.k > 420 16 0.1 0.4 360

8 0.4 0.1 90 17 - - > 420

9 0.2 0.1 140




The followinyg tables shiow that, among dicarbonic acids with long,
unbranched carbon chains moat cicaely related to succinle acid, glublaric
acid has a weak inhlbiting offect on Mb decoloration, while that ot
adipinic acid is even smaller.

Table 7 (J1 April 1932)

Tube B/25  Glutarie decolorativii  Tabe B/26  Glniaric Decolora’ion
# actd time in min. # acid time 4in win,
1 - - > 180 10 oO.1 0.1 15

2 0.1 - 10 11 0.4 0.2 14

3 0.2 - 9 12 0.2 0.2 15

L 0.4 - 9 13 0,1 0.2 -

b - 0.1 > 180 14 0./ 0. 18

6 - 0,2 > 180 15 0.2 0.4 20

7 - 0.4 > 180 16 0.1 0.4 <41

8 0.4 0.1 13 17 - > 180

9 0.4 0.1 1

Table R (12 April 1v32)

Tube B/¢5 adipinic Decoloration Tube B/25 Adipinic Decoloration
# acid  time in min. # acid time in min.
1 - - > 150 0 0.l 0.1 12

2 0.1 - 11 11 Q.4 0.2 11

3 0.2 - 10 12 0.2 0.2 13

L 0.4 - 10 13 0.1 0.2 14

5 - 0.1 > 180 b V.4 0.4 14

6 - u.2 > 180 15 0.2 0.4 16

7 - 0.4 > 180 16 0.1 0.4 18

8 0.4 0.1 10 17 - ~ > 180

9 0.2 0.1 2

Of the alkyl derivatives of malonic acid, we examined dimethyl-
muionic Acid; ethyl-maleonic acid, disthyl-malonic acid-and-allylmalonic
acid for a possibvle inhibiting affect on the 3-uubstance system discussed
here. While these substances do show a certain inhibiting action, it
cannot be compared with that of malonic acid proper.
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Table @ (13 April 1932)
Tube B/25 Dimethyl Decoloration Tuhe B/25 Dimethyl Decoloration

# malonate time in min. # malorate time in min.
1l - - »>180 10 0.1 0.1 7
2 0.1 - 6 11 G.l 0.2 7
3 0.2 - 6 12 0.2 0.2 8
L 0.4 - 5 13 0.1 0.2 8
5 - 0.1 > 180 14 0.4 Coh 3
6 - 0.2 >180 15 0.2 C.4 10
7 - 0.4 >180 16 0.1 0.4 12
8 0.4 0.1 6 17 - - >180
9 0.2 0.1 7
Table 10 (14 April 1932)
Tube B/25 Ethyl Decoloration Tube B/25 Ethyl Dacoloration
# malonate time in min., # malonate  time in min.
1 - - >180 10 0.1 0.1 13
2 J.1 - 6 11 0.4 0.2 12
3 0.2 - 8 12 0.2 C.2 14
4 0.4 - 6 13 0.1 0.2 18
5 - 0.l >180 14 0.4 D4 18
6 - 0.2 =180 15 0.2 O4 20
7 - 0.4 >180 16 0.1 0.4 e
& 0.4 0.1 9 17 - - > 180
9 0.2 0.1 11 '
Table 11 (14 April 1932)
Tabe B/ 25 Diethyl NDecoloration Tube B/25 Dieth 1 Decoloration
# malonate time in min, # malonate tims in min.
1 - - > 180 10 0.1 0.1 14
2 0.1 - 9 11 0.4 0.2 13
2 C.2 - 9 12 0.2 0.2 14
4 G.L -~ 7 13 0.1 0.2 14
5 = - 0.1 - >» 180 14 0.4 0.4 18
5 - 0.2 > 180 15 0.2 Ol 21
7 - 0. > 180 16 0.1 0.4 24
8 0.4 O 11 17 -~ - > 180
9 0.2 C.1 1z
30




Table 12 (1L April 1932)

Tube B/25 Allyl Decoloration Tube B/25 Allyl Decoloration
# malonate time in min. # malonate time in min.

i ’ -~ ~ > 180 10 0.1 0.1 19

2 0.1 - 8 11 0.4 0.2 15

3 0.2 ~ 6 12 0.2 0.2 18

4 C.4 - 6 13 0.1 0.2 23

5 - 0.1 >180 14 C.h 0.4 il

6 - 0.2 >180 15 0.2 0.4 28

7 - O >180 16 0.1 0.4 3

8 0.4 0.1 11 17 - - >180

9 0.2 0.1 15

A study of the manner in which addition of pyrotartaric acid
influences the rate of decoloration in the system Mb ~ dehydrogenase -
succinate is very instructive, since pyrotartaric acid (methyl-suceinic
acid) can function as donator in the presence of succinic dehydrogenase.
This substance may therefors be expected to furnish two effects: First,
displacement of succinic acid from the dehydrogenzse molecule, secondly,
& donator function. In combinations listed in the table below, the
resuit was a reduction in the rate of decoloration.

Table 13 (7 April 1932)

Tube B/25 Pyro- Decoloration Tubse B/25 Pyro- Decoloration
# tartarate time in min. # tertarate time in min.
1 - - > 180 10 0.1 0.1 17

2 0.1 - 13 1l 0.4 0,2 18

3 0.2 - 12 12 0.2 0.2 20

A 0.4 - 12 13 0.1 0.2 22

5 - 0.1 60 14 0.4 0.4 25

6 - 0.2 60 15 0.2 0.4 27

7 - 0.4 60 16 0.1 0.4 30

8 0.4 0.1 16 17 ~ - > 180

7 G.2 0.1 17 : ,

_.‘ . : . -, .‘.

We may conclude that slower Mb decoloration upon additizn of pyro-
tavrtaric acid te the system Mb -~ succinic dehydrogenase, compared to Mb
decoloration upon addition of oiccinic acid to the same system, is due

to a dif'ference in hydrogen activation rather than to dissimilarities
in fixation of substrate. .

v,

We reported abeve that among alkyl derivatives of suceinic acid
sxamined for their ability to function as hydrogen donators ln the systenm
: Mb - succinic dehydrogenase, only pyretartaric acid gave evidence of
3 donator action, while no such activity was found in connecticn with
lﬁ ; dimethyl-succinic acid, methylethyl-succinic acid and diethyl-succinic
acid. The abgence of denator action in the case of these substances may
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ba due either to the circumatance that they cannot be attached to succindc
dehydrogenase or that they ars fixed to the said enzyme, but do not
participate in hydrogen activation. In the event the explanation is to
bs sought in abgent hydrogen activation despite fixation to the enzyme,
inhibition of Mb decoloration in the system Mb ~ succinic dehydrogenase -
succinic acid can be expected. As evident from Tables 14-16, inhibition
does indeed take place, although it is weak. For this reason these

alkyl derivatives of succinic acid should not possess great affinity for
succinie dehydrogenase.,

Table 14 (15 April 1932)

Tube B/25 Dimethyl Decoloration Tube B/25 Dimsthyl Decoloration

# succinate time in min. # succinate time in min.
m.p.182°C m.p.182°C

1 - - > 180 10 0.1 0.1 12
2 0.1 - 10 11 0.4 0.2 14
3 0.2 - 10 12 0.2 0.2 14
A 0.4 - 12 13 0.1 0.2 15
s - C.1 >180 1L 0.4 0.4 16
6 - 0.2 >180 15 0.2 0.4 18
7 - 0.4 >180 16 0.1 0.4 18
8 0.4 0.1 11 17 - - > 180
9 0.2 0.1 12

Table 15 (15 April 1932)
Tube B/25 Methylethyl Decoloration Tube B/25 Methylethyl Decoloraiion

# succinate time in min. # succinate time in min.
m.p.167°C m.p.167°C
i - > 180 - > 180 10 0.1 0.1 1C
2 0.1 10 - 10 11 0.4 0.2 13
3 0.2 10 - 10 12 0.7 0.2 13
S 0.4 11 - ikl 13 0.1 0.2 14
5 - > 180 0.1 >180 14 0.4 0.4 15
6 - > 180 0.2 >180 15 0.2 0.4 13
7 - > 180 0.4 >180 16 0.1 0.4 15
8 0.4 11 0.1 11 17 - - > 180
9 0.2 11 0.1 11
12
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Table 16 (15 April 1932)
Tube B/25 Methylethyl Decolorstion Tube B/25 Methylethyl Decoleration
#

succinate time in min. # succinate time in min.

m.p.9&°C m.p.98°C
1 - - > 180 10 0.1 0.1 16
2 0,1 - 12 11 0.4 0.2 17
3 0.2 - 12 12 0.2 0.2 16
4 Ok - 1i 13 0.1 0.2 17
5 - 0.1 > 180 14 (VYA 0.4 17
6 - 0.2 > 180 15 0.2 0.4 19
7 - 0.4 > 180 16 0.1 0.4 20
8 0.4 0.1 13 17 - - > 180
9 0.2 0.1 15

III. Knowledge cf the gpecificity of malic dehydrogenase.

Studies of muscular dehydrogenases published by me in 1917 (2)
already demonstrated the presence in the musculature of a dehydrogenase
ad justed to malic acid. While investigating the dehydrogenases of various
types of seed, I soon found that maliec dehydrogenase is one of the most
prevalent. enzymes in the sead!s dehydrugenase system.

In my previous expsriments with malic dehydrogenase I used both
natural L-malic acid and synthetic D,I-malic¢ acid. L-malic acid proved
to be a better hydrogen donator. Since inactive malic acid is held to
be a compound of both enantiomorphic confipurations, it was likely that
D-malic acid is less effective as donator substance than the natural,
leverotatory form. One must even consider the pessibility that D-malic
acid is completely ineffectual. An investigation of this problem was
initiated; its results are degscribed below.

The D-malie acid used by me was synthesized and made available by
Prof. Bror Holmberg of the Stockholm Technical Institste. He informed
me that the preparation was produced by cleavage of inaclive acid with
(-)-phenethylamine and purified by precipitation from scetons solution
with benzene. Prof. Holmberg also furnished L~malic acid purified in
the same manner. With reference to the rotatory power ¢f thase samples,
Prof. Holuimberg writcs that L-malic acid shows (ocrs)p = =419° in solution
with ammonia and uranylnitrate, and that D-malic acid indicates £4199
under identical conditions. Aside from the prefix, rotatory power was
identical. .

I tested the action of D- and L-maliz acid as donator substance
in connection with a number of seeds which are known to exert a shrong
hydrogen-activating effect in the presence of L-malic acid. Seeds of
the following plants were studied: Citrus aurantivm dulc. (orange),
Corydalis nobilis, Cucumis sativa (cucumber), Poincians regia and
Sicyos angulata.




Malic acids were first prepared in solutions of m/10 by neutralizing
27 mg and diluting to 2 cc. Solutions were mide without indicators and
their solvents, e.g., alcohel. Dilution at ratios 1£4 and 1£24 preduced
solutions in concentrations m/50 and m/250.

Malic denhydrogenase solutions used in our tests were prepared by

treating husked seeds with an appropriate amount of 0.87% KoHPOJ solution.

The seed substance is thoroughly mixed with the phosphate soluticn and
extracted for 30 minutes under continuous stirring. The resultant
emuleion is strongly centrifuged for 20 minutes. The centrifuged tube
is then placed in ice water. Treatment of fatty secds produces a cream~
like upper layer, which is removed. The supernatant fluid is somewhat
cpanlescent and contains the effective dehydrogenase. In the test
described here we used a 5-fold quantity (by weight) of potassium
phosphate solution for the procurement of enzymatic extract; an exception
was made in the case of citrus extract, where we used a 15-fold amount.
Mb solution in a concentration of 1:50000 was used as hydrogen acceptoi.
The decoloration preccess was studied in a water bath of 35°C,

Tests were carried out in a series of 14 vacuum tubes, each of which
was charged with 0.5 cc Mb solution, 0.2 or 0.4 cc of each of the various
dllutions of malic acid, 0.5 cc seed extract and enough distilled water
to make a total volume of 1.4 cc per tube., The extract had been freshly
prepared. Each tube was charged wlth extract just prior to evacuation
and placement in the water bath.

The resultant decoloration times are given in the following tables.

Table 17 (13 January 1932) Cucumis sativa

Micrograns Decoloration time  Micrograms Decoloration time
malate in min. malate in min.
per tube D-malato IL-malate per tube D-malate L-malate
-~ 55 59 1080 48 15
108 55 28 2700 L8 1L
216 54 2u 5400 46 16
540 i 53 7 - 59 58
Table 18 (14 Januvary 1932) Sicyos angulata
Hicrograms Decoloration time  Micrograms Decoloration time
maiate -in min, malate in min.
per tube D-niijlate L-malate per tube D-malate L-malate
- 43 h2 1080 40 7
108 Ly 25 2700 40 5
216 L2 18 5400 L1 3
540 h2_ 10 - 42 uh
14
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Table 19 (15 January 1932) Citrus aurantium dulc,

Micrograms Decoloration time Micrograms Decoloration time
malate in min. malate in min.
per tube D-malate  L-malate per tube D-malate L-malate
- 24 23 1080 22 10
108 20 18 2700 25 8
216 22 16 5400 29 7
540 22 12 - 23 22
Table 20 (15 January 1932) Poinciana regia
Micrograms Decoloration tiue Micrograms Decoloration time
malate in min. malate in min.
per tube D-malate L-malate per tube P-malate L-malate
- 13 13 1080 13 6
108 11 12 2700 14 5
216 13 10 5400 14 by
540 13 9 - 13 13
Table 21 (14 February 1932) Corydalis ncobilis
Micrograms Decoloration time Micrograms Decoloration time
malate in min. malate in min.
per tube D-malate L-malate per tuke D-malate L-malate
- 93 91 1080 89 -
108 91 37 2700 92 5
216 89 3 5400 99 5
540 89 11 - 91 -

Ag indicated by the tables, there is a pronounced difference between
L- and D-malic acid. While L-malic acid is a distinct hydrogen donator,
the ability of D-malic acid to function as donater is uncertain or weak.

The difference between the two malic acids is evident from the
accompanying graphic illustrations which reflect the decoloration times
in seed extracts of Cucumis sativa and Corydalis ncbilis in relation to
different amounts of malic acid with opposite configurations. While
extracts from these seeds activated L-malic acid vigorously, D-malic
acid is a weak hydrogen donator for Cucumis and has no effzct whatever
on Corydalis. Incidentally, side reactions are always possible if the
decoloration effect ig wsak,
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